Background {#Sec1}
==========

Mental stress is a pervasive aspect of life. A certain amount of stress is generally regarded as stimulating and life enhancing, whereas severe and persistent stress may induce poor health, and adversely influence quality of life \[[@CR1]\]. Since the late 80's, China has been transitioning from a centralized to a market-based economy. Massive social change has occurred as a result of this transition \[[@CR2],[@CR3]\]. The market transition has greatly promoted social economic development and provided improved living standards, and increased choices in consumption, education, health, and employment for the Chinese population \[[@CR3]\]. However, the transition has also created many social problems, such as, an imbalance between urban and rural development, regional development differences, rampant corruption, and a widening chasm between the rich and poor. A small minority of individuals in China control most of the resources. Income inequality began in the 1980's, rose sharply in the 1990s, and has continued to increase in 2000s \[[@CR3]\]. People in the bottom levels of society patently do not share social resources equally with those in the top levels of society, and their basic living conditions, including housing, pensions and health care are not guaranteed \[[@CR3],[@CR4]\].

Studies suggest that people experiencing such unequal conditions endure severe mental stress \[[@CR1],[@CR5]\]. Stress represents a major social and public health problem in China, with an estimated 173 million Chinese adults having a mental disorder \[[@CR6]\]. Stress-related health problems have escalated in China. The World Health Organization (WHO) estimated that neuropsychiatric conditions and suicide together accounted for more than 20% of China's total illness burden in 2004 \[[@CR7]\]. By virtue of its large population, even a conservative estimate indicates that China has the largest number of reported suicides in the world. Globally, Chinese suicides represent 25% to 33% of all documented suicides in the world. At least 600--800 Chinese kill themselves daily \[[@CR8]\].

Ecological models have emphasized that mental stress is influenced by both individual and environmental variables. Understanding this relationship is important to control severe mental stress. However, many mental stress studies have examined only the individual correlates \[[@CR9]-[@CR11]\]. Nevertheless, low socioeconomic status (SES) has been associated with high mental stress and psychiatric disorders \[[@CR11]-[@CR13]\]. Given China's regional differences in SES, it would seem that region of residence might also be related to mental stress, but few studies have directly examined this variable \[[@CR9],[@CR14]\], direct evidence of regional stress relationships is not available. This is because most studies have been confined to local and community subpopulations, and therefore have had no basis for analyzing regional variation in mental stress \[[@CR9],[@CR10]\]. Region of residence, however, is a stable estimate of people's social and economic environments; furthermore, analysis combing individual with regional level data can avoid ecologic and atomistic fallacies, and thus allow for separation of individual and contextual effects on mental stress \[[@CR15]\]. China mainland has a vast territory, cultural diversity, and large differences in economic and social development. By utilizing a large-scale, national population sample it is possible to obtain information on the impact of environmental and socioeconomic factors on stress and health.

This study will examine explanatory variables including socioeconomic inequalities related to mental stress at both the individual and regional level. The information from this study could be helpful to inform health policy, plan prevention strategies, and design and implement appropriate, targeted interventions.

Methods {#Sec2}
=======

Study area and participants {#Sec3}
---------------------------

This study employed a cross-sectional multistage sampling design. In Stage 1, twenty-one cities were selected from across China and differentiated by regional location. Nine were located in the east, five in the central region, and the remaining seven in the west. These cities included the more regions of 31 provinces, municipalities and autonomous regions of mainland China. Stage 2 involved selection of residential districts within each city. Two residential districts were randomly selected in the main urban zone of each city, excluding new building districts and subdistricts. In Stage 3, four communities were randomly selected within each residential district. In Stage 4, a family household registration ("hukou") list was used to randomly sample households in each community. Individuals aged 15 years and older, who were permanent residents, were identified within each household. Finally, one eligible participant was randomly selected from each family, with eligibility being determined by birthdate closest to the contact date to ensure equal representation of the sample \[[@CR16]\].

Data collection {#Sec4}
---------------

A face-to-face interview was scheduled once an individual was identified and agreed to participate in the study. All interviews were conducted using a structured self-administered questionnaire. Interviewers were fourth-year medical students from a local medical college, who had received one-day training on the study protocol and interview procedures. The survey was administered privately to participants in their home or a designated quiet place, such as a backyard or community park. Interviews were conducted on Saturdays, Sundays, weekday evenings or other times when participants were available. Each participant was asked to fill out a survey questionnaire of approximately 30 minutes duration, following verbal instructions from an interviewer. Each participant had an opportunity to seek information or clarification about the questionnaire items, and were given adequate time for questionnaire completion. Investigators checked returned questionnaires for completeness. Participants were requested to resolve any omissions, as appropriate, and were given a token of appreciation (toothbrush and toothpaste, and other small gifts valued at approximately \$ 1.00 US currency) following questionnaire completion.

A common research protocol was utilized across all 21 cities to assure homogeneity of interview and data collection. The study was approved by the Ethics Committee at the Medical Center, Zhejiang University, and verbal consent was obtained from all participants prior to data collection. Our methods have been extensively employed in smoking research in China, and they possess acceptable validity \[[@CR5],[@CR11]\].

Measures {#Sec5}
--------

### Dependent variable {#Sec6}

Mental stress status: Mental stress was measured by the Chinese version of the Perceived Stress Scale (CPSS) \[[@CR5],[@CR11],[@CR17]\]. This scale comprised 14 items that addressed perceptions of stress during the month prior to the survey. Items were rated on a 5-point Likert-type scale and ranged from 0 (never) to 4 (very often). Item scores were summed to yield a total stress score, with higher scores indicating higher perceived levels of stress. This scale has been widely used to assess stress in China and has been shown to be an appropriate indicator of mental health status \[[@CR11],[@CR18],[@CR19]\]. Following previous practice, severe stress was operationalized as a score \>25, which was classified by ROC (Receiver Operating Characteristic Curve) performance using mental disorders gold standard. This classification has demonstrated acceptable sensitivity and specificity \[[@CR5]\]. The dependent variable in this study was severe mental stress (SMS), and was coded dichotomously as 1 = no severe mental stress and 2 = severe mental stress.

### Individual-level independent variables {#Sec7}

Sociodemographic questions to determine such variables as age, gender, ethnicity, educational level, occupation, and income were included on the questionnaire.

### City -level independent variable {#Sec8}

There were six independent variables that reflected potential regional variation in the characteristics of the 21 study cities. The first was regional location, distinguished as east, central, and west. The second aspect was population size, which categorized these cities as being less than 5 million, from 5 million to less than 10 million, 10 million and more population. The third aspect was level of economic development (per capita Gross Domestic Product (GDP) in yuan), which was categorized as less than 40,000, from 40,000 to less than 60,000, 60,000 and more. The above data were obtained from the National Bureau of statistics \[[@CR20]\].

Data analysis {#Sec9}
-------------

All data were entered into a database using Microsoft Excel. The dataset was then imported into SAS (9.3 version) for statistical analyses. Descriptive statistics were calculated for SMS prevalence. Chi-square analyses were used to determine differences in SMS across the selected cities using SAS 9.3 survey procedure (SAS institute Inc, 2001). Associations were confirmed through application of a multilevel logistic regression model using the SAS NLMIXED procedure \[[@CR15]\].

Two models in the multilevel analysis. First the Null Model, a two-level model with random intercepts, was developed. It did not include any predictors except a constant, in accounting for variation in SMS across our twenty one study cities \[[@CR21],[@CR22]\]. In this base model, all demographic and regional level variables were entered as fixed main effects to form the full model to evaluate the separate impact of all individual-level and regional-level variables on SMS \[[@CR21],[@CR22]\]. For this analysis, the dependent variable, SMS, was operationalized as a binary response (1 = no severe mental stress and 2 = severe mental stress). The independent variables in this analysis were those emerging as statistically significant (p \< 0.1) in the Chi-square tests. These results are presented in Table [1](#Tab1){ref-type="table"}. The first category in each variable served as the referent in the multilevel logistic regression analysis. Model fitting was assessed by the likelihood of a change in the −2 log. Significance of the random parameter variance estimates was assessed using the Wald joint *X*^2^ test statistic \[[@CR21],[@CR22]\].Table 1**Demographic characteristics of the sample and SMS prevalenceGroupN% of samplePrevalence (%)Rao-Scott Chi-SquareP**Age (years)0.150.9977\<25301015.026.425-34439420.725.935-44388319.725.545-54275519.527.355+282425.026.2***Ethnicity***0.260.6098Han1520391.926.5Other16638.122.7Gender6.830.0089Male879546.932.8Female807153.120.4***Education***12.970.0047Elementary school or less189910.748.4Junior high school521327.029.8High school491431.019.1.Junior college or more484011.322.6***Occupation***26.070.0002Managers and clerks15537.561.7Professionals12916.240.5Commerce and service291415.726.9Operations234423.822.4Students15418.129.5Retired228621.117.4Other493228.620.7***Income/person/year*** Yuan\*111.87\<0.0001\<10,000381821.643.410,000-19,999509027.233.320,000-29,999367721.218.830,000-39,999175412.210.840,000-49,99911578.211.450,000+13709.816.4**Region variance*Region location***0.730.6939East646949.823.1Central256610.626.2West783139.630.3GDP16.250.0003\<40,000771339.036.140,000-59,999394426.130.460,000+520934.812.1***Population(million)***7.200.0275\<5702622.023.65-596030.828.410 -388046.916.6**\***1Chinese yuan = \$6.5.

All analysis were weighted \[[@CR15]\]. Weights included (1) sampling weights as the inverse of the probability of selection at each level including regional, city, district, and community levels, and they were multiplied together for each level. (2) The non-participation weight covered two aspects. Household-level non-participation weights were calculated at the city level. Individual-level non-participation weights were based on a combination of city, age, and sex, and the corresponding weight was the inverse of the participation rate. The overall non-participation weights were computed as the product of the household and individual weights (3) post-stratification weights were made by the combination of sex (male, female) and age (\<25 year, 25--34, 35--44, 45--54, and 55+) based on estimated distributions of these characteristics from a national survey \[[@CR23]\]. The final overall weights were computed as the product of the above three weights \[[@CR15],[@CR16]\].

The above process is visually depicted using the below flow chart.

Chi-square analyses were weighted using the overall participant-level weights, and the multilevel analysis was weighted using sampling weight in city level and subject-level weights with non-participation and post-stratification weights, respectively \[[@CR15]\]. As there is no weight statement available for the NLMIXED procedure, these analyses were weighted though a macro method in this study \[[@CR15]\].

Results {#Sec10}
=======

A total of 18,875 individuals were identified as potential subjects for this study, among whom, 17,124 were effectively contacted and agreed to participate in the survey. Of the 17,124 surveys, 16,866 (96.8%) were fully completed, valid questionnaires and utilized in this study.

The average stress score for the 16,866 respondents was 22.47 (95%CI: 21.32, 23.63), the median stress score was 24.1651 (0--56), and 26.21% (95%CI: 16.8%, 35.7%) of participants were categorized as SMS (25 or above stress score). Our univariate data indicated that resident sex, education attainment, occupation, and income were associated with SMS (Table [1](#Tab1){ref-type="table"}). Regionally, population and Per Capita GDP were also associated with the SMS. Table [2](#Tab2){ref-type="table"} shows parameter estimates in multiple level models. Random and fixed parameters were statisticly significantly in the Null model. Random parameter declined, and fixed parameter increased but significance level declined from the null model to the full model.Table 2**Rarameter estimates from multiple level modelsGroupNull modelFull model**Random parameters between regions1.3006(0.3622)\*\*0.9596(0.3146)\*\*Fixed parameters0.9565(0.3146)\*\*1.1165(0.4931)\*\*p \< 0.05.\*\*p \< 0.01.

Table [3](#Tab3){ref-type="table"} presents results of the multilevel logistic regression model analyses of SMS. In the null model, the random coefficient estimates indicated significant inter-regional variation in stress (P \< 0.01). The full model indicated that those with elementary school or less education levels had a higher stress level than those with high school, junior college or college education levels. Considering occupational groups, managers, clerks, and professional workers reported higher stress levels than those in other occupational groups. The residents earning higher annual incomes appeared less stressed than those earning lower annual incomes. At the regional level residents with higher Per Capita GDP manifested less mental stress than those with lower GDP. There was no interactions found between individual income and regional GDP (Estimate: 3188, SE:0.1713, p: 0.0628) in the full model.Table 3**Results of multiple level analysesGroupOR95%C.IIndividual level*Education***Elementary school or less1.00Junior high school0.620.38,1.03High school0.370.18,0.78\*\*Junior college or college0.480.24,0.93\****Occupation***Managers and clerks1.00Professionals0.520.29,1.02Commerce and service0.240.10,0.62\*\*Operations0.270.11,0.67\*\*Students0.220.07,0.70\*\*Retired0.240.12,0.50\*\*Other0.270.12,0.59\*\****Income/person/year*** Yuan\*\<10,0001.0010,000-19,9990.820.59,1.1320,000-29,9990.420.33,0.54\*\*30,000-39,9990.210.12,0.39\*\*40,000-49,9990.210.11,0.42\*\*50,000+0.270.17,0.43\*\****Regional level***Per Capita GDP(yuan)\<40,0001.0040,000-59,9990.950.44,2.2160,000+0.280.12,0.65\*\*\*p \< 0.05.\*\*p \< 0.01.

Discussion {#Sec11}
==========

Based on the results of this study, the average stress score for all respondents was 22.47 (95%CI: 21.32, 23.63), which was lower than the mean score of 23.90 found in the 2001 year survey (95%CI: 23.68, 24.12), but not significantly different from the mean of 23.69 (95%CI: 23.38, 24.10) in the 2008 survey \[[@CR11]\]. Nevertheless, mean stress levels and high stress levels are higher in China than in most other countries.

There may be numerous explanations for China's high stress levels. China has been transitioning from a centrally-planned/controlled to a market-oriented economy. In undergoing this change it has passed through four stages. The first stage was the preparation period (1978--1987), the second stage the moderate period (1988--1994), and the third stage the radical period (1995--1999). The fourth and current stage, commencing in 2000, is known as the regulation period. Many social issues, which had manifested in the moderate period, intensified in the radical period. The radical period saw abolition or deregulation of numerous state-owned enterprises and of the loss of many low level, menial jobs \[[@CR3],[@CR5],[@CR6]\]. Those working in these low level jobs have few alternatives when their jobs are eliminated and there are fewer overall jobs at this level. During the radical period, serious inequalities emerged. Disproportional sharing of financial resources induced vast income inequality among the various economic sectors and regions of China. This profound change from a period when resources were more equally distributed may contribute to high stress levels among urban residents \[[@CR3]\]. At the same time, modern lifestyles, with their strong social competition and time demands, may also elevate stress levels \[[@CR5]\]. In the current period, the Central Government to some extent been cognizant of these problems and begun to take preliminary steps to protect disadvantaged groups. However, the mental stress levels is still high among residents, which is a clear indicator that social inequality problems have not been completely resolved. Many studies have reported that severe and enduring stress may induce poor health, and adversely influence quality of life \[[@CR1],[@CR5],[@CR24]\]. This situation likely harbors important implications for underlying physical disease and psychiatric disorders, and reveals a need for government officials to consider disease prevention and health promotion as part of stress-reduction initiatives.

Socioeconomic inequalities are generally associated with stress and mental disorders. This study provided additional evidence that lower education attainment and income are associated with higher mental stress, which is consistent with prior Chinese studies \[[@CR5],[@CR17]\]. It has been suggested that those with lower education levels have less recourses and opportunities, and probably have fewer coping skills for confronting life challenges \[[@CR11],[@CR13],[@CR24]\]. The association between urban residents with lower incomes and higher stress levels has also been found in other cultures \[[@CR22],[@CR25]\]. Higher economic attainment means better educational opportunities, more extensive social networks, more personal freedom, and healthier and safer work environments \[[@CR24]-[@CR27]\].

In this study stress also varied by occupation. Managers, clerks, and professionals were more stressed than others. The association between occupation and mental stress is a very complex issue. It is suspected that people\'s occupational status directivity reflects their socio-economic status much like the relationship between education and income. Managers, clerks, and professionals should enjoy a higher socioeconomic position in Chinese society; yet, they have high stress levels. This might be due to job functions \[[@CR25]\]. Though managers and clerks have relatively stable socioeconomic status, these employees also have highly demanding, competitive jobs. Many are employed in government organizations that have had the most "institutional reform" in recent years \[[@CR2],[@CR4],[@CR11]\]. Consistent with prior studies professionals also reported high stress levels \[[@CR11]\], and this might be related to the increased social competition for such jobs.

This is the first study to document an association between geographic region, socioeconomic inequities and mental stress. This is an important finding as socioeconomic variables are stable, and relate to all groups within the region. Residents located in lower regional Per Capita GDT regions have higher SMS prevalence, which strengthens the association between income and mental stress.

Whether individual education and income or regional Per Capita GDP reflects socioeconomic status, this study supports the notion that socioeconomic inequities contribute to SMS. The stress theory postulates that personal resources, such as coping style, self-esteem, mastery, and locus of control, buffer the impact of stress on depression and that higher-SES individuals are better equipped with such resources \[[@CR28]\]. The social ecological theory addresses the impact of regional features such as socioeconomic status, social cohesion, infrastructure, and public health policy on health \[[@CR12],[@CR25]\]. Results from this study are consistent with these theories.

The results of this study strongly suggest the importance of combating persistent and relatively high stress levels among residents. The Central Government and local health authorities need to collaborate on policies for stress reduction and the prevention of mental disorders. Socioeconomic inequities must be reduced, and benefits made available to the large disadvantaged element of society \[[@CR29]\]. Prevention needs to target those urban residents who are at risk of severe stress due to low socioeconomic status. A nationwide media campaign should be planned and implemented to educate the populace about the adverse health effects of stress. Support groups should be established in urban community centers to provide a forum where residents can express mental health concerns, talk with others having similar concerns, and learn stress-reduction and management skills. Worksite programs should be established to help employees manage their stress at work and at home. Local health authorities should offer stress management programs and concurrently offer mental health treatment as needed. Special community-based clinics should be established to provide high-risk individuals with no or low cost psychological counseling on an as-needed basis and in-patient care if required.

This study has two limitations. First, this is a cross-sectional study, which precludes causal inference. However, this study is large-scaled and results can provide some suggestions regarding the important associations between socioeconomic status and high stress levels. Second, the sampling frame focuses on urban areas of China and included only 21 large cities. Hence, findings of the study cannot be generalized to all of China and especially not to those Chinese living in rural areas.

Conclusion {#Sec12}
==========

The association of current socioeconomic inequalities and mental stress holds important implications for mental health services in China. Our findings provide evidence to inform policymakers, and strongly encourage them to develop and implement effective policies and interventions.

Appendix {#Sec13}
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